The K~mpf & Schwertmann (1982) procedure for concentrating iron oxides in soil clays by dissolution of kaolin and gibbsite by boiling for 1 h in 5 M NaOH may not dissolve all kaolin, and also results in the precipitation of sodalite. For the complete dissolution of kaolin in kaolin-rich soil clays a boiling time of 2 h in 5 M NaOH was required. The large amounts of sodalite produced were not removed by the prescribed single wash in 0-5 M HC1. Oxalate soluble AI contents of iron oxide concentrates were sometimes very high and dithionite Fe contents were very low both in concentrates containing sodalite, and in those for which sodalite was not detected by XRD, but where a previously unsuspected amorphous sodalite-like phase may have been present. Complete removal of precipitated sodalite was achieved by two extractions with 0.5 M HCI at 25~ for 20 rain. This modified procedure does not alter the Al-substitution and crystal size of goethite, hematite and maghemite as determined by XRD measurements.
Iron oxides are often poorly crystalline and present at low concentrations in soils (K~mpf & Schwertmann, 1982) . For the characterization of iron oxides by X-ray diffraction, MOssbauer spectroscopy, electron microscopy, chemical analysis and other techniques, an iron oxide concentrate may be required. The method proposed by Norrish & Taylor (1961) for the concentration of iron oxides by boiling soil clays for 30-60 min in 5 M NaOH has been used for many studies of iron oxides in soils (Davey et al., 1975; Bigham et al., 1978; Fitzpatrick & Schwertmann, 1982) . A modification to the above method by adding --0.2 M Si to 5 M NaOH to inhibit the dissolution and recrystallization of Al-substituted goethites (K~impf & Schwertmann, 1982) has been widely adopted in recent years (Schwertmann & Latham, 1986; Anand & Gilkes, 1987) . Sodalite (sodium aluminium silicate) may be precipitated during the procedure and the presence of 0.2 N Si may increase the amount of sodalite that forms. One washing with 0.5 M HC1 is used to remove the sodalite precipitated during the above procedure.
Boiling kaolin-rich clays for 1 h in 5 M NaOH does not always completely remove kaolin as was observed by Davey et al. (1975 )~ Bigham et al. (1978 doubled the extraction time in order to achieve complete dissolution of kaolin. We have observed that when iron oxides are concentrated from kaolin-rich soil clays using the procedure proposed by K•mpf & Schwertmann (1982) and Bigham et al. (1978) , a considerable amount of sodalite remained after one 0.5 M HC1 wash. We have developed a minor modification of the method proposed by K~impf & Schwertmann (1982) which ensures the complete removal of both sodalite and kaolin from kaolin-rich soil clays. As a result of this work we became aware of the presence of considerable amounts of poorly crystalline material in the iron oxide concentrate produced by the caustic treatment.
MATERIALS AND METHODS
The clay fraction (<2 ~m) was separated by sedimentation under gravity after dispersing the soils in dilute NaOH solution. X-ray powder diffraction (XRD) and chemical analyses of clay fractions of lateritic soils (Table 1) from Western Australia were carried out after the following iron oxide concentration treatments: Treatment A: Untreated clay fraction. Treatment B: The relatively gentle treatment of Mackenzie & Robertson (1961) was followed. 100 ml of 1.25 M NaOH was added to 500 mg clay in a plastic centrifuge tube which was placed in an oven at 75~ for 14 days after which the sample was centrifuged and the supernatant was discarded. The sample was washed once with 1-25 M NaOH, followed by washing once with 0-5 M HC1 (20 min contact time), twice with 0-5 M (NH4)2CO3, and twice with deionized water.
Treatment C: The same procedure as in treatment B was followed except that two successive washings with 0-5 M HC1 were used.
Treatment D: The K~impf & Schwertmann (1982) method of boiling the clay fraction in 5 M NaOH containing 0-2 r~ Si was followed but using a 2 h contact time instead of 1 h. Almost identical results were obtained for the procedure of Kampf & Schwertmann (1982) , but small amounts of kaolin persisted after one hour boiling period for the kaolin-rich clays.
Treatment E: The approach was similar to treatment D, but two successive washings with 0.5 M HC1 were used.
XRD patterns of randomly oriented powder specimens of the residues of the above treatments mixed with 5% NaC1 as an internal standard were obtained using a Philips vertical diffractometer with a graphite diffracted-beam monochromator and Cu-Ko: radiation. Samples were run at 0-25 ~ 20 min -1 using an IBM computer-controlled diffractometer with Sietronics software. XRD patterns were interpreted with the aid of XPAS software that enabled calculation of accurate peak position, line-width, and the generation of differential XRD patterns. Al-substitution in goethite was calculated from the c-dimension of the unit-cell derived from d(lll) and d(ll0) (Schulze, 1984) . The A1-substitution in hematite was estimated from the a-dimension calculated from d(ll0) using the relationship:
Mole % A1 = 3109-617.1 a (Schwertmann et al., 1979) . For magnetic gravel (MG) sample, minerals are in the ground gravel, nd = not determined. Go = goethite, Hm = hematite, Mh = maghemite, Sm = smectite, Gb = gibbsite, Mi = mica, IV = inhibited vermiculite, Bh = boehmite, An = anatase, Qz = quartz. Dithionite-and oxalate-soluble Fe and A1 in the concentrates were determined by the procedures of Mehra & Jackson (1960) and McKeague & Day (1966) , respectively. Particle size analysis of the soils was done using the sedimentation method (Gee & Bauder, 1986) after dispersing the soil in dilute NaOH. Electrical conductivity and pH were measured in 1 : 5 water and 0.01 M CaCI2 suspensions, respectively. Thermogravimetric analysis (TGA) of clays using a Perkin Elmer TG 52 instrument was obtained on -10 mg samples in flowing air at a heating rate of 10~ min -1.
RESULTS AND DISCUSSION
Kaolin was not completely dissolved by the 1-25 i NaOH treatments (B,C) for most of the samples, but after these treatments the iron oxide reflections were distinct on the XRD patterns and exact positions of many goethite and hematite reflections could be measured ( Fig. 1 ). This is a relatively mild treatment and the residue can be used as a reference to investigate the effects (position and width at half height of XRD peaks) of the more severe 5 M NaOH treatment (Kfimpf & Schwertmann, 1982) . No sodalite was detected by XRD in any of the samples after 1.25 M NaOH treatment.
No kaolin remained but sodalite was identified by XRD in two samples (1 and 3) after treatment D (boiling 5 M NaOH and one wash with 0.5 M HC1). The unit-cell dimension ao of the cubic sodalite was calculated using a regression procedure for six reflections, and differed for the two samples. For sample 1, ao = 0.9253 + 0-0065 nm compared to ao = 0.8965 _+ 0.0037 nm for sample 3. This difference is probably due to differences in chemical composition of this mineral. The presence of sodalite not only decreases the intensity of goethite and hematite reflections but sodalite reflections also overlap some iron oxide reflections (Fig. 1) . For dissolution kinetics and other chemical and mineralogical studies of iron oxides it is necessary to remove all sodalite. Sodalite was completely removed from the iron oxide concentrates resulting from 5 M NaOH treatment by two washings with 0.5 M HC1.
To determine the effects on iron oxides of the various concentration treatments, the position and width at half height (WHH) of iron oxide reflections were measured from XRD patterns. There were no changes in spacings for goethite, hematite and maghemite reflections due to the various treatments (Figs. 1 and 2 , and Table 2 ). There were also no systematic differences in WHH of the 111 reflection of goethite and the 110 reflection of hematite as a result of the different treatments (Table 3) . Therefore the calculated A1-substitution values and crystal sizes of goethite and hematite derived fi'om these XRD data were not affected by the various concentration treatments.
The mean value for the cell dimension ao of 0.8354 nm derived from the 220 and 400 reflections for the maghemite in the magnetic gravel sample is larger than values for soil maghemites (0.8312-0.8335 nm) reported by Schwertmann & Fechter (1984) and for pure maghemite 0.834 nm (JCPDS, 1975 (JCPDS, , no. 25-1402 . Maghemite may contain Fe 2+, Ti and other cations so that the Vegard relationship cannot be used to determine A1 content using the equation given by Schwertmann & Fechter (1984) . An important observation is that this maghemite from a magnetic gravel sample may not have a cubic unit-cell, as the values of 0.8344 and 0.8364 nm for the ao dimension calculated from the 220 and 400 reflections, respectively, differ significantly. These values were measured accurately using NaC1 as an internal standard and also compared with spacings for quartz in the sample as a cross check. No super-lattice reflections were present and no other reflections of maghemite could be accurately measured for this sample because they were masked by other reflections, or were very broad. The reflections may be displaced as a consequence of the very small crystal size (--20 rim) of the maghemite as evidenced by the broad reflections of this mineral.
Dithionite and oxalate Fe and AI
Oxalate and dithionite soluble Al increased in samples 1, 2 and 3 after treatment D, but the increase in oxalate extractable A1 was relatively large so that the value of Alo/Ald increased relative to other treatments. For samples 1 and 3 sodalite was identified by XRD in the iron oxide concentrates but no sodalite was detected in sample 2. XRD was performed before and after oxalate and dithionite treatments, and difference XRD patterns calculated (Fig. 3A) . Despite the occurrence of weak spurious positive and negative peaks due to some mismatch, it is clear from the differential XRD patterns that much sodalite was dissolved during oxalate extraction whereas the dithionite treatment dissolved only iron oxides (Fig. 3B) . The oxalate reagent, which is quite acidic (pH = 3.0), thus dissolves sodalite. For sample 2 following treatment D where no sodalite was detected by XRD but much oxalate soluble A1 was present, differential XRD for the samples before and after oxalate treatment (Fig. 4) indicated that the oxalate soluble fraction corresponded to broad bands at -15 and 28 ~ 2 0 which may be due to an amorphous sodalite-like phase although the bands do not coincide with sodalite reflections. Acid oxalate reagent is quite often used to remove amorphous and short-range order minerals such as allophane, ferrihydrite and noncrystalline weathering products from soils without significantly affecting crystalline minerals (Parfitt, 1989 ). Our results demonstrate that oxalate dissolves crystalline sodalite 
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and possibly an amorphous sodalite-like phase (Figs. 3 & 4) . The clay fractions of these three samples initially contained >60% kaolin as determined by thermogravimetry (Table 1 ). It appears that sodalite crystallizes or the amorphous sodalite phase forms when the kaolin content in the sample is high. For all samples, caustic treatments B, C and E increased the Fed content to similar values. This is consistent with XRD results which show that the iron oxides were similarly concentrated by each treatment. For three samples (1-3) the values of Fed for the residues of treatment D were much lower than would be anticipated for an iron oxide concentrate. This result is presumably due to much sodalite being present thereby diluting the Feo content as indicated by values of Alo and Aid (Table 4) and DXRD (Fig. 3) 
CONCLUSIONS
The 5 M NaOH + 0-2 M Si treatment (K~impf & Schwertmann, 1982 ) is a useful and effective method for the concentration of iron oxides. We suggest that for kaolin-rich samples a boiling time of 2 h is necessary for complete dissolution of kaolin. Two washings with 0.5 M HC1 (total contact time 20 min) are required for the complete removal of sodalite and the amorphous sodalite-like phase. The properties of goethite, hematite and maghemite appear to be unaffected by this modified treatment. This procedure is suitable for samples containing various amounts of kaolin and so could be adopted as a standard procedure for all soil clays.
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